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USE OF LASER SOUNDING TO DETERMINE CERTAIN
ATMOSPHERIC CHARACTERISTICS1

V. M. Zakharov, 0. K. Kostko and
V. S. Portasov

2

With lower sounding of a cloudless atmosphere and low reception angles, in /80*

practice the dispersed signal is formed as a result of a single dispersion in

the dispersing centers situated along the propagation path of the laser beam

[3]. In approximation of the single dispersion, the intensity of the back-j

:scattered signal is determined by the following expression:

i (A z) = NOSK - (z) x, (z) z Az exp - 2 (de (1)

where n - average number of photoelectrons in the signal received from one

operation of the device from an atmospheric altitude z at an averaging 1

interval Az;

N0 - number of photons radiated by the laser;

S - area of the receiving antenna;

n - quantum efficiency of the photoreceiver;

K - coefficient allowing for loss in the receiving and transmitting optical

antennas;

E - coefficient of attenuation; /81

- coefficient of total dispersion;

x - disper§S:on indicatrix at angle 7.

Physical characteristics of the medium researched in the equation (1) are

the Coefficient of total dispersion, dispersion indicatrix, and the coefficient

of attenuation. Generally, during the processing of experimental data, it is

considered that the coefficient of attenuation is determined only by dispersion,

inasmuch as the effects of absorption by aerosol in the visible range cannot be

considered [1], and absorption by other atmospheric gases is eliminated by the

iCentral Aerological Observatory.
2Candidates of Physical-Mathematical Sciences.
*Numbers in the margin indicate pagination in the foreign text.
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appropriate selection of wavelength by the _laser.j By introducing beforehand]

the backscatter indicatrix, the equation (1) can be employed to solve

relatively the coefficient of reverse dispersion, using the method of successive

strata [4]. When using a signal dispersed by the atmosphere at the same wave-

length as the laser radiation, and with no dispersion resonance effects.

present, the coefficient of reverse dispersion is equal to:

S() = () (Z) A (Z) +iM (z) M (z), (2)

where BA and BM - volumetric coefficients of aerosol and molecular dispersion

and x and x M - "back" dispersion indicatrices by aerosol and dispersion at

fluctuating molecular density. Molecular dispersion indicatrix is known and

3
equal to g-, but the dispersion indicatrix by aerosol, just as coefficient of

aerosol dispersion, may vary widely, contingent upon the distribution of

particles by dimension, the number of particles, and their composition. Conse-

quently, the sum indicatrix may be known only approximately, and its input into

the calculation in many cases will lead to significant error [2].

Optimum results can be achieved if the method for determining the co-

efficient of dispersion is established in the following manner. The entire

sounding route must be spaced on a stratum of such an altitude span as to con-

sider the "back" dispersion indicatrix unchanged in the two neighboring strata.

It is further to be considered that the volumetric dispersion coefficient change

in these neighboring strata is the same. In the sounding of weakly dispersed

media, for example, a cloudless atmosphere, these conditions are not difficult

to achieve, inasmuch as the change of atmospheric dispersal properties takes

place quite slowly. In this case, the equation (1) for the two neighboring

(adjacent) strata is written in the form

" (z) =NoSKI (o -AP)X t(Az) z l exp P(z) d

n2.Az) No SK (o -2 AP) ( z)}(z + 7 ;}. 2 A X (3)

X exp [2x (z) d] exp 2 A z.),
- -- --- - ,"



where z - distance to the nearest stratum from the locator Az, and 80 - co-

efficient of volumetric dispersion in the stratum Az0 . Integral .attenuation

exp --2f (z) d and B0 measured by sounding of stratum Az0 vertically and at

an angle of 400 to the vertical.

Given the horizontal homogeneity of the atmosphere the following can be

noted: -

In exp (-2 (z) dz ) I
L \ I- sec6 (4)

Here n1 and n2 - numbers of signal photoelectrons, received from altitude z0 in

stratum Az0 during the sounding of this stratum vertically and at an angle ofO

400 to the vertical.

In Table 1, according to experimental measurements on the wavelength of a

ruby laser, calculated values for integral attenuation toi altitudes of 5 and 101

km are presented.

TABLE 1. INTEGRAL ATTENTUATION VALUES FOR LASER /: 82
BEAMS BY ATMOSPHERE FOR WAVELENGTHS OF THE RUBY LASER I

6=400 O=0°

Altitude, Distance Integral,k. -Iistance, Intensity, ] Distance, Intensity, Attenuaton
km photon km photon

5 6,5 2,7. 10 5 i 0,35-106 0,39
10 13 .3,3..10 *  10 4,39. 104 0,32

Commas indicate decimal points.

It can be noted that the primary attenuation of the laser emission takes]-

place in the lower troposphere, up to 5 km. The change in attenuation from 5

to 10 km occurs within the experiment error limit for a standard atmosphere.

This necessitates introducing a correction for attenuation according to standard

atmosphere at altitudes in excess of 10 km. By using the measurements of the

values n1 and n2, etc., from the equations (3), total volumetric and reverse

coefficients of dispersion were calculated. To reduce error associated with

replacing a real, smooth coefficient of dispersion curve by-a graduated.
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,one, th e calculations was repeated several times rwith a change of strata

altitude of 4- Az.

In this manner, a simple wave sounding of the atmosphere permits the deter-

mination of the coefficient of dispersion vertical profile. This can be used

to solve problems such as locating aerosol strata, the detailed study of their

fine structure, spatial and temporal variations, and also in determining trans-

parency of the atmosphere. But the single-wave sounding, with the exception of

the Doppler resonance and combination methods, does not permit determination of

thermodynamic atmospheric parameters, inasmuch as it does not provide for the

distribution of the sum coefficient of dispersion upon molecular and aerosol

constituents. To effect such a distribution, an additional experiment compli-

cation is required. Specifically, the authors suggest the method of dual-

-wave atmospheric sounding for this purpose.

We will examine a situation of simultaneous locations of the atmosphere on

two wavelengths. For each of the wavelengths, the following may be noted:

n N(Az) = No 0 SK 1YI ) (z)' ,l (Z) Z-2_ ep (z) dz , (5)

-2 (z)dz (6)

n (A z) = No2 SK2T BP (2) Xx 2(s) z 1 Z exp ---2 (z)dz (
0

We suggest that from these equations examined by the above method, two

profiles for the coefficients of sum dispersion 81 and 82 have been determined.

P1, .(z) = (Z)+ 2 ( (7)+ 1 A (

Here BM and BA - coefficients of molecular and aerosol dispersion.

It is known that 1 A = P. This ratio characterizes the frequency dependence

2 A
of the coefficients of aerosol dispersion, and for the actual atmosphere may

vary widely.

After simple conversions from (7) we obtain: I i~A /83
M _P 28A.

(8)

4



P P z , (2)
P1__ _ _ A_ 22 (z) -- - (9 )

-2 A (Z) A4  1I P ; : -

The parameter P in these expressions is unknown. To determine it, we make the

conversions of (5) and (6).

In n = In (No, KS T1, z 1 Azn) ln A-,2 ' (2) dz. (10)
0

In n, = In (No 2 1(2 S n-1 1) + In 2 -
2 5 (z) dz.

0

We assume l

rn  rn--1 z a,

(z)dz = P (z)dz+ S P(z)d) z.
- (12)0 0 n-1 Zn-I

Then from (10)-(11) we have

2
2 - 1 A () dz = In (No K1S Tt Z- A zn) + In o n In nl

-- li

zn-1-1

-2 (z)dz - 2 P1 M (z)dz (13)

n .P 2 M.Zd I

sn R -1 an1
2 P (s) dz In (NK, Sj, n2 (s) d-'2 .02 % (e)-d2.

(14)

e assume that

Zn

25 PA (Z) dZ
2 S 02 A' (z) dz

Zn-1

The expression (15) is correct, if in the atmospheric stratum Az the fre- /84

quency dependence of the coefficient of aerosol dispersion is unchanged. In

practice, such a stratum expanse can always be selected, and in the limiting

situation, this would be the element stratum (altitude averaging interval).



Then with calculation (13)-(15) we have:

In(No1 , s1-I2 z)-n n +4.Inc1l

Kj. In(No2 KI 2 Sz 1 z2 &n)-InnX 4 In 2.

Z_ 1  Z (16)

-2 ) d(x)d-25 i l(z)dz

SZn-1 n

-- 2 5 P,(z)dz--2 ,M(z) dz
0 ZX -1

In this manner, using expressions (8), (9), and (16), distribution of the /85

,-sum coefficients upon molecular and aerosol constituents is achieved. In the

i two-frequency atmospheric soundings carried out, when strong gradients in

coefficients of dispersion were not observed, the averaging interval was

selected equal to 0.25-0.5 km, and it was considered that in the altitude range

of 0.75-1.5 km the condition (15) was effected with sufficient exactness. Values

input for Az and 3Az were selected from experimental conditions, in which the

increasing of the signal from the stratum above and adjacent was greater than

the experiment error. In computing the third stratum, for which expression

*-(16) was established, provision in the calculation scheme was made for the

statistical spread observed during the sounding to be somewhat increased.

Results of the experiment conducted on vertical sounding of the atmosphere

are presented in Figures 1-3. Figure 1 pertains to atmospheric sounding at a

wavelength of 694.3 nm. In calculating the coefficient of sum dispersion for

altotudes greater than 5 km, for the value of integral attenuation, taken from

Table 2, correction for standard atmosphere was introduced. For altitudes up to

!-5 km, calculations were carried out by the method advanced above.

At altitudes of 18-24 km a high stability of aerosol particle strat was

observed.

Figure 3 contains comparisons of several curves characterizing the behavior

of coefficients of dispersion at these altitudes, based on data obtained at

different times by various groups of researchers.

Figure 3 refers to the simultaneous sounding of the atmosphere on wave-

~ --lengths 694.3 and 1,060 nm. It is intiersting to note the characteristic re-

lationship between the coefficients of sum dispersions on the two wavelengths.

S6-
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-In the lower troposphere, the ratio of the coefficient of sum dispersion for

wavelengths of the ruby lastr to the coefficient for the neodymium laser is

-approximately equal to 3. With an increase in altitude.the ratio increases,
and at an altitude of 10 km is equale toi4.-rThis indicates that at the

-altitudes given, the aerosol content of the atmospher&e:diminishes, even more

significant, inasmuch as in the absencelof aerosol,,at the wavelengths given,

the ratio of coefficients of reverse dispersion would be equal to 5,

corresponding to the ratio of signal intensities during molecular dispersion

to the ratio-of integral attenuation up to the atmospheric altitudes examined.

- -HK.
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Figure 1. Results of Atmospheric Laser, Figure 23. Relationship of Total Re-
Sounding at Wavelength of 694.3 nm verse Dispersion to Molecular. 1,ndard
(Karadag, Crimea, 450C, 1972). 1, Fiokko (Boston, Massachusetts); 2,

SStandard atmosphere SIRA-71; 2, method Wrieghtv (ingston, WestIndies); 3
of laboratory graduation; 3, calibra- Gdispersion, 1,060 nm; 3, total re-
tion method for signal from 30 km. Mexico); 4, s of articed
-Average for 250 pulses. (Karadag), 1971; 5, authors of

article, 1972. Average for 250
~ " "_Apulses.

- , ,,

- *.Figure 3. Results of Two-Frequency
7 I Atmospheric Soundings.. 1, Standard

/ 2atmosphere SIRA-71; 2, total reverse

verse dispersion 694.3 nm, calcu-
lated according to the suggested

-- -\ scheme. Average for 30 puls.
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Results of the distribution of thelcoefficient of sum dispersion upon

*molecular and aerosol constituents are n 1a9presented in Figure 3. It can be

noted thati within the limits of .equipment error, the experimentally determined

profile of molecular dispersion-c.onforms with the altitude dependence of this

coefficient for a standard atmosphere. Inasmuch as the maximum measurements

Serror reaches 30-40%, the further perfecting of equipment and experimental

methodology is necessary. However, the method suggested for the distribution

of aerosol and molecular constituents of the dispersed signal would appear to

be most simply realized.
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